Phylogenetic relationships, based on allozyme data, between six cycad taxa indigenous to South Africa  by van der Bank, F.H. et al.
182 S. Afr. J. Bot. 1998.64(3) 182- 188 
Phylogenetic relationships, based on allozyme data, between six cycad taxa 
indigenous to South Africa 
F.H. van der Bank', P. Vorster' and M. van der Bank' 
'Department of Zoology, 'Department of Botany, Rand Afrikaans University, P.O. Box 524, Auckland Park, 2006 
Republic of South Africa 
1 Department of Botany, University of Stellenbosch, Private Bag X1 , Matieland, 7602 Republic of South Africa 
Received 10 June 199i; revised 24 January /998 
Phylogenetic relationships between Encephalartos altensteinil Lehmann, E. friderici-guifielmii Lehmann, E. /ehmannii 
Lehmann, E. nalalensis Dyer & Verdoorn, E. transvenosus Stapf & Burtt Davy and E. villosus Lemaire were studied, 
using Cyeas revoluta Thunberg as outgroup. Th ree continuous and one discontinuous buffer systems were used and 
gene products of 21 enzyme coding loci were examined by horizontal starch gel-electrophoresis. A biochemical key, 
based on fixed alle le d ifferences, is presented. Fixed allele differences at one locus between E. altensteinii and E. 
natalensis may confirm that these species do not share the same gene pool. However, the genetic distance is the least 
(O.042) between these two species, compared to the mean genetic distance value of 0.222 for the other ingroup taxa. 
The results are discussed with reference to affinities based on morphology and distribution. 
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Introduction 
The taxonomy of the Cycadales has never been easy. In most 
groups really distinctive morphological characteristics are lack-
ing, and species are usually defined in terms of sets of character-
istics. When vegetative as well as reproductive structures are 
known, it is usually possible to identify a specimen; but there is 
reason to believe that the characteristics used for identification 
are not of phylogenetic significance, due to a high degree of con-
vergence or divergence. 
Due to the fact that cycads mature slowly, lack mechanisms 
for long-distance dispersal of their seeds, and are generally con-
fi ned to specialised habitats which tend to be isolated within 
larger tracts of unsuitable habitat, geographical distribution prob-
ably provides a clue to phylogenetic relationships; and this is one 
of the reasons why the phylogenetic significance of so many 
diagnostic characters is in doubt. Vorster ( 1993) prov ided a list 
of diagnostically useful characteristics for the South A fr ican spe-
cies, and Vorster (i n press) attempted to do the same for some 
tropical arborescent species which are very poor in di stinguish~ 
ing traits. In both papers it was stressed that the phylogeny 
remains a grey area. 
The purpose of the present investigation, of which this paper 
presents the first results, is to investigate similarities between 
species of Eneepho/arlos on the molecular level , hopefully to 
gain ins ight into the phylogenet ic relationships berween species. 
Material and Methods 
Electrophoretic data for 30 individuals, from seven taxa (Table I), 
were compared. Of necessity, we had to use plants in cultivat ion, bu t 
\"e have used only specimens of undisputed identity . When sampling 
diffe rent specimens of the same species, we used specimens from 
different provenances to prevent sampling of the same clone or pop-
ulat ion. Herbarium voucher specimens of the plants exam ined were 
deposited at the University of Stellenbosch, Botany Department 
(STEU). Leaf tissue extracts were prepared and analysed by starch 
gel electrophoresis (12% gels) using the extraction buffer, standard 
electrophoretic procedures, method of interpretation of gel banding 
patterns and locus nomenclature referred to by Van der Bank eJ al. 
(1995). The huffers used are: Iris-EDTA-borate (A; pH 8.6; Gon-
charenko., al 1992); histidine ci trate (HC; pH 5.7: Kephart 1990); 
tris-EDTA-borate (MF; pH 8.6; Markert & Fau lhaber 1965), and 
lithium-borate (electrode: pH 8.0) Iris-citrate (gel: pH 8.7) (RW; 
Ridgway et aJ. 1970). Statistical analys is of allozyme data was exe~ 
cuted using BIOSYS-I (SwotTord & Selander 1981) and DISPAN 
(Ota 1993). 
Results 
Locus abbreviations, enzyme comm ission numbers, and mono-
morphic loci are li sted in Table 2. Allele products at the follow-
ing loci were monomorphic: GPI-2, PEPB and PEP-LTI , and 
those of ACP, EST-2 (for the ingroup species) and PER-2 
migrated cathodally. Allele frequencies for polymorphic loci are 
presented in Table 3, and allozyme phenotypes of putative heter-
ozygotes were congruent with those expected on the basis of the 
quaternary structure of the enzyme (Ward 1977). A zymogram 
showing distinct differences between species in allele product 
mobilities at AK are presented in Figure I a. Fixed allele mobility 
differences between species occurred at AK, AA T- 1, EST, 
GPI-2, LAP, MDH, MNR, PER, PEP-D, -LT2, PGM, PGDH and 
SKDH. Fixed allele differences at SKDH between E. a/tensteinii 
and E. nafalellsis were observed (Table 3). Genetic markers to 
identify the taxa studied are presented in a biochemical key in 
Table 4. 
The mean value of Wright' s ( 1978) fixation index ofindividu-
als relative to the total population, Fts , is 0.233; 0.80 1 for the 
total population and its subpopulations (FIT) and FST = 0.740 for 
the amount of differentiation among subpopulations relative to 
the limiting amount under complete fixation (Table 5). The loci 
that cont ributed least to inter- and intraspec ific differences are 
AAT-2 (0. 175), ACP (0.286), PGM-l (0.367) and PGM-2 
(0.437) because all ingroup taxa shared one of the two alleles at 
these loci (Table 3), 
Nei's ( 1978) unbiased genetic distance values between 
populations and taxa are presented in Table 6. The mean genetic 
distance value between the ingroup taxa studied is 0.210, 0.042 
between E. a/tensteinii and E. natalensis, and 0.925 between the 
ingroup and outgroup taxa studied. These va lues were 0.231, 
0.058 and 0.935 respect ive ly for Nei' s (1972) genetic distance. 
The latter values are a little higher compared to the values in 
Table 6, but reflect similar groupings, and are included for 
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Table 1 Locality description of the cycad individuals studied 
Sample Species 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
Z2 
23 
24 
25 
26 
27 
28 
29 
30 
Cycas revolUla 
Cycas revo(uta 
Cycas reva/uta 
Cycas revaluta 
Encepha{artos transvenOSU$ 
Encephalartos transve110SlIS 
EncephaJartos transvenosus 
Encephalarlos lransvenosus 
Encephalartos villosus 
Encephalartos villosus 
Encephalarlos villoslis 
EllcephalarfOs villosus 
EllcephalarlOs villoslI!)' 
Encephalartos fride ric i-q II if ie 1m i i 
Encepha!arlos fride rici-q u if ie/m i i 
Encepho! ar (Os fride r ic i-q II if ie 1m i i 
Encephaiarlos jriderici-quiliefmii 
Encephalartos nalalensis 
Encepha/artas naw/ensis 
Encepha/arlOS nala/ensis 
Encepha/anos n£lta/ellsis 
Encepha/artos a/fellsteinii 
£ncephalartos alfensfeinii 
Encephafarlos a/lens/eillii 
Encephalarfos a/tens/einii 
Encephalarlos ailens/einii 
Encephalartos lehmanni; 
Encephalartos lehmannii 
Encephalarlos iehmannii 
Encepha!artos lehmannii 
comparisons with values listed in the literature, Phylogenet ic 
re lationships based on Nei's (1978) genetic distance values are 
depicted in Figure lb. The cophenetic correlation value for the 
result in Figure Ib is 98.4% (using BIOSYS), with the only poor 
bootstrap value (42) between the branch linking E. villos1ts with 
the other ingroup taxa (using D1SPAN). 
Discussion 
The taxonomic uses of allozyme electrophoretic data were reviewed 
by many authors, including Avise (1974), Thorpe (1982) and 
Thorpe and Sole-Cava (1994). These reviews give details ofmeth-
ods for distinguishing and identifying cryptic and sibling species. 
The criterion which must be applied if electrophoretic data are to be 
used, is to assess the level of differentiation found between taxa (a 
test of whether or not they are from the same gene pool), Such a test 
is discussed by Thorpe and Sate-Cava (1994). The method to esti-
mate statistical probabilities for fixed allelic differences in samples 
locality (probable origin) 
Cultivated female (Japan) 
Cultivated male (Japan) 
Cultivated female (Japan) 
Cultivated plant (China) 
Trichardtsdal 
Modjadje' s Village, TZaneen 
Cultivated 
Cultivated 
Cultivated 
East London 
Port SL lohna 
Cultivated 
Cultivated 
Cathcart 
Cult ivated 
Cultivated 
Cultivated 
Howick 
Cultivated 
Vryheid 
Melmoth 
Grahamsto\"ll 
Bathurst 
Buslunans River Mouth 
Mkambati River 
Cultivated 
Cultivated 
Cu ltivated 
Steytlerville 
Kirkwood 
N I and N2 is: P < (_1_) 2N2 . Fixed allele mobi lity diffe rences 
2NI 
occurred at one locus for the two closest taxa studied (£. allellsleinii 
and E. nalalensis) (Table 3). Therefore, the probability that these 
two species are from the same gene pool is extremely small (P < 
0.39 x 10-11 ). 
Several other statistically based measures of genetic distance 
are also available to reduce genetic differentiation between popu-
lations over a range of enzyme loci to a single figure level , but 
Nei's (1978) measure is now used predominantly (Thorpe & 
Sole-Cava 1994). Shaklee el 01 (1982), Thorpe ( 1982) and 
Thorpe and Sole-Cava (1994) showed the relationship between 
taxonomic divergence and genetic distance, and concluded that 
the genetic distance (Nei 1972) average 0.05 (range: 0.002-(L07) 
for conspecific populations; 0.30 (range: 0.03-0.6 1) for conge-
neric species; and it ranged 0.58- 1.2 1 between genera in the 
184 
a 
II"l II"l V1 II"l 0 0 0 0 000 0 0 0 0 
e-- e-- e-- e--
'" '" '" '" 
00 00 00 00 00 0 0 
~ ~ ~ ~ ~ ~~ ~ ~ ~ 
V1 V1 V1 II"l ~ ~ ~ ~ 000 0 0 ~ ~ 
e-- e-- e-- e-- 0 0 0 0 00 e-- CXl CXl CXl 0 0 
'" '" '" '" 
0 0 
b 
42 
r-
0 0 0 0 0 0 
0 0 0 0 0 0 
~ ~ ~ ~ ~ ~ 
0 0 0 0 0 0 
0 0 0 0 0 0 
6n= ~ 
71 
'---
s. Air. 1. 1301. 1998.64(3) 
-----00000 
00000 
~ ........ ---
E. natalensis 
E. altensteinii 
E. friderici-guilielmii 
E. lehmannii 
E. villosus 
E. trans venosus 
C. revoluta 
Origin 
}-
Figure 1 a Zymogram shO\ving allele product mobility differences between seven cycad taxa and genotypes for individual specimens (sec 
T,lhle 1) at the adeny late kinase enzyme coding locus. b. dendogram showing phylogenetic relationships. based on Nei's (1978) genetic dis~ 
tam:: t:: values. hdween seven c~ cad taxa. Numbers at nodes are bootstrap values. 
same family. The genetic distance values obtained in the present 
study (Table 6) between the congeneric species (0.23 1) falls 
with in the upper limit for congeneric species (Shaklee el al. 
1982), and it was 0.935 between the different genera. The latter 
value, therefore. corresponds to the values obtained by Shaklee 
et at. (1982) for con familial genera. 
Wright's (1978) fixation (F) index is another measure to 
describe differentiation between populations. The mean FST 
value (0.740) for polymorphic loci (Table 5) in the cycads stud-
ied is an indication of large genetic differentiation between the 
taxa resulting from genetic drift. The extent of allel ic fixat ion of 
individuals relative to its sub populations (FIS = 0.801) also 
reflects this conclusion. since values of F1S arc close to zero in 
most natural populations where random mating within subpopu-
lations occur n~ei 1986). The FIT value of 0.233 (which quanti-
ties inbreeding due to population subdivision), is also indicative 
of effective barriers to gene flow between the taxa studied. This 
is in agreement with the current taxonomical view of the species 
studied. 
The small genetic distance (Nei 1972) value of 0.058 calcu-
lated between E. allensteinii and E. l1a/alensis shows relat ively 
little differentiation, and is comparable to the value (0.05) for 
populations from the same species (Shaklee el al. 1982). Ell· 
estrand et af. (1990) obtained comparable genetic distances 
(range = 0.001-D.1 18; average = 0.065) between populations of 
the Australian cycad, Macrozamia communis L.A .S. Johnson. 
However, the fixed allele mobility difference at the SKDH locus 
(Table 3) suggests that they represent separate species. This 
result must be interpreted with caution because of the small sam-
ple sizes studied. A larger sample may reveal more alleles, and it 
is possible that the fixed differences encountered in the present 
study may be an over-estimate of the genetic divergence between 
these species. For example, El lestrand et al. (1990) obtained 
fixed allele differences between populations at the MDH-4 
enzyme coding locus from the analysis of 19, 10,5, 8 and 9 sam-
ples respectively. and Walters and Decker-Walters (1991) also 
reportp,d similar (low) overal l variation in Zamia pumila L. sensu 
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Table 2 Locus abbreviations, enzyme commission numbers (E.C. No.) and 
listed after each enzyme. See Material and Methods for descriptions of buffers 
buffers are 
Enzyme 
Aspartate aminotransferase 
Acid phosphatase 
Adeny late kinase 
Esterase 
Glucoscw6-phosphate isomerase 
Leucine aminopeptidase 
Malate dehydrogenase 
Menadione reductase 
Peptidase: 
Substrate: Lcucyl-glycyl-glycinc 
Peroxidase 
Phen y lalany I-pro line 
l eucyl-tyros ine 
Phosphoglucomutase 
6-phosphogluconate dehydrogenase 
Shikimate dehydrogenase 
* =: Monomorphic loci 
lata and high spital differentiation. 
wellS 
AAT-I . -2 
ACP 
AK 
EST-I, -2 
GPI-I'.-2 
LAP 
MDH 
MNR 
PEP-B' 
PEP-D 
PEP-LTl '. -2 
PER-I, -2 
PGM-I, -2 
PGDH 
SKDIl 
Encephalartos altensleinii and E. natafensis are morphologi-
cally very similar, in respect of both the vegetative parts and the 
reproductive parts (cones), and are doubtfully distinguished on a 
single minor morphological trait and geographical distribution. 
Thus E. altensteinii has the proximal leaflets progressively 
reduced to one or two prickles towards the base of the leaf, and 
occurs in the Eastern Cape Province northwards to the border 
with K wazulu-Natai. Encephalartos natalensis has the proximal 
leaflets progressively reduced to several prickles and occurs 
from the Eastern Cape/KwaZulu-Natal border northwards (Dyer 
1965; Dyer & Verdoorn 195 I; 1966). Plants of E naralensis tend 
to be larger and have on average wider (24-45 compared to up to 
25 mm wide) and more hard-textured leaflets, but there is much 
variation and in practice the two species are difficult to distin-
guish in the absence of geographical data. The close relationship 
is supported by the dendrogram and bootstrap value of 60 at this 
node (Figure Ib). 
Encephalartos transvenOSliS occurs near Tzaneen in the 
Northerp Province, but also as far north as the Soutpansberg 
range and south-eastwards along the escarpment to near Tri-
chardtsdal. The form near Tzaneen has a very distinct appear-
ance, with stiff straight leaves and flat overlapping leaflets with 
opposing ones set 1800 apart . Forms near Tate Vondo in the 
Soutpansberg and near Trichardsdal have more arching leaves 
with abaxially somewhat concave leaflets of which opposing 
ones are set at a smaller angle towards each other; and these are 
sometimes very difficult to distinguish from E. natalensis espe-
cially since the cones are practically identical. It, therefore, 
comes as a surprise that, in the dendrogram (Figure 1 b), it is situ-
ated so. remotely from E. altensteinii and E. natalensis. It also 
comes as a surprise that the genetic distances between E. trans-
venosus and E. aftensteinii (0.336), and between E. transvenosus 
and E naralensis (0.245) , are considerably greater than the 
genetic distance of 0.042 between E. altensteinii and E. natalen-
sis (Table 6). However, the possibility cannot be discounted that 
E.C. No. 
2.6.1.1 
3.U.2 
2.7.4.3 
3.1.1.-
3.5.1.9 
3.4.11.1 
1.1.1.37 
1.6.99.-
3.4 .-.-
1.11.1.7 
5.4.2.2 
1.1.1.44 
1.1.1.25 
ButTer 
A 
He 
RW 
RW 
MF 
A 
HC 
HC 
MF 
RW 
RW 
MF 
MF 
A 
A 
the affinities of E. trans venosus are with species north of the 
Limpopo River rather than with E. altensteinii and E. natafensis. 
Encephalartos VillOSllS is morphologically unique amongst the 
small sample of species used for this initial analysis, in lacking 
an exposed trunk, having a limited number of erect leaves and 
having outwardly rather similar male and female cones (of which 
the exposed faces of the sporophylls are completely glabrous), 
lack distinct facets, and often have a pectinate lower margin. It is 
widespread along the east coast, occurring in the same general 
area as E. altensteinii and E. natalensis but in a differing (though 
often neighbouring) habitat. In nature it occasionally hibridises 
with at least E. altensteinii. It is a distinct species, and its isolated 
remote position on the tree (Figure lb) , and its genetic distance, 
relative to E. altensteinii and E. IWfalensis on the one hand and 
E. lehmannii and E. trans venosus on the other hand, is supported 
by morphological and geographical data. 
Encephalal'tos fehmannii is a smallish species from very dry 
and sunny habitats in the Eastern Cape. From the other species 
studied here, it is distinguished by its glaucous, hard, and pun-
gent leaflets, and the short but dense russet-brown indumentum 
on the cones. It would be instructive to determine its relation-
ships with the morphologically not dissimilar E. trispinosus 
because the latter species hybridises with E. altensteinii under 
natural conditions. The position of E. lehmannU on the tree 
(bootstrap value ::: 71 %), relative to E. altensteinii and E. 
natalensis on the one hand and E. villosus on the other hand, is 
supported by morphological and geographical data. 
Encephaiartos friderici-guilielmii is a morphologically 
anomalous species, with morphologically similar vicari ants from 
the Eastern Cape to Mpumalanga. It has very narrow (about 7 
mm wide) and un-armed leaflets, the cones are covered in a 
dense shaggy indumentum, and the cones are produced half a 
year out of phase with the other species. These species are so dif-
ferent that it is not inconceivable that they belong to a separate 
subgenus in Encephalartos. Its position on the tree, and its 
genetic distances of 0.052 from E. natalensis, 0.105 from E 
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Table 3 Allele frequencies and relative mobility (RM) of allele products at polymorphic loci for seven cycad taxa 
Locus Allele (RM) Cycas revoluta E. lranvenosus E. villosus E. friderici- E. natalensis E. allensleinii E. lehmanii 
guiljelmli 
AAT- I A (100) 1.000 1.000 1.000 1.000 1.000 1.000 
8 (90) 1.000 
AAT-2 A (100) 0.250 0.200 
B (95) 1.000 0.750 1.000 1.000 1.000 0.800 1.000 
ACP A (-10) 1.000 0.875 1.000 0.500 1.000 1.000 0.750 
B (-20) 0.125 0.500 0.250 
AI-; A (120) 1.000 
B (100) 1.000 1.000 1.000 
C (80) 0.900 
D (75) 1.000 0.500 
[ (70) 0.100 0.500 
[ST-I A (IDO) 1.000 0.700 1.000 1.000 1.000 0.750 
B (95) 1.000 0.250 
C (80) 0.300 
EST-2 A (100) 1.000 
B (-10) 1.000 1.000 1.000 1.000 1.000 1.000 
GPI-2 A (100) 1.000 0.667 1.000 1.000 1.000 1.000 
B (90) 0.333 
C (80) 1.000 
LAP A (107) 0.200 0.750 
B (105) 0.500 0.800 0.250 
C (100) 1.000 1.000 0.500 1.000 0.500 
D (95) 0.500 
MIlH A (100) 1.000 1.000 1.000 1.000 
B (97) 1.000 1.000 1.000 
MNR A(IOO) 1.000 
B (90) 1.000 1.000 1.000 1.000 1.000 1.000 
PH-D A (100) 1.000 1.000 1.000 1.000 1.000 1.000 
B (95) 1.000 
PEP-LT2 A (100) 1.000 1.000 1.000 1.000 1.000 1.000 
B (97) 1.000 
PER-I A (110) 1.000 1.000 1.000 1.000 1.000 
B ( 102) 0.200 0.667 
C (100) 0.800 0.333 
PER-2 A (-95) 1.000 0.500 1.000 
13 (-100) 1.000 1.000 0.500 1.000 1.000 
PGM-l A(102) 0.875 0.500 0.375 0.250 0.625 
B (100) 1.000 0. 125 0.500 0.375 0.625 0.750 0.375 
C (95) 0.625 
PGM-2 A (110) 1.000 0.333 1.000 
B (100) 0.500 0.500 0.500 0.667 0.750 
C (95) 0.500 0.500 0.500 0.250 
PGDH A (100) 1.000 1.000 1.000 1.000 1.000 
13 (95) 1.000 1.000 
SKDH A (110) 0.600 
B (100) 1.000 0.500 0.750 1.000 1.000 
C (90) 0.250 0.125 
D (50) 1.000 
E (95) 0.250 0.125 DADO 
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Table 4 A biochemical key, based on distinct allele 
mobilily differences, to identify the seven cycad spe-
cies sludied 
Relative mobility of allele prod-
ucts (in brackets) Species 
l a PEP-D : Slow (95) C. revoluto 
b Fast (100) 2 
2, PGDH: Slow (95) Evil/usus 
b Fast (100) 3 
3" AK: Slo\ .... (70-75) £. lehmannif 
b Medium ( 100) 4,5 
Fast (120) E. /ransvenosus 
4a LAP: Slow ( 100) £. /riderici-gllilielmii 
b fast (10511 07) E. allens/eil/ii 
5a SKDH; Slow/Fast (951110) £. altensteinii 
b Medium (100) E. nata/ensis 
alrensteinii, and 0.13 1 from E. lehmann;i, is not supported by 
morphological data; especially when viewed against the small 
and a lmost simi lar genetic distance of 0.042 between the mor-
phological very si milar E. altensleinii and E. "aralensis, and the 
much larger genetic distance of 0.245 and 0.336 between E. 
lJ'onsvenoslIs, and E. nata/ensis and E. alrensteinii, respectively. 
It certainly does not make morphological sense, as it would be 
expected to be on a separate branch from all the other Encepha-
larlOs species. 
In summary. the phylogenetic re lationships of C. revo/ula, £. 
a/tens/eimi, E. /ehmannii, E. nata/ensis and E. villoslis are sup-
ported by distribution, biochemical genetic and morphological 
data; the position of E. (r(Jllsvenosus is uncertain whereas the 
position of E /riderici-guilie/mii on the dendrogram is not sub-
stantiated by morphological data. Therefore, from these prelimi-
nary results, it seems as if the technique holds promise for 
elucidating evolutionary relationships between species of 
Encepha/arfos, but it is also obvious that much more data are 
needed before these complex and old relationships can be clari-
fied satisfactorily. We, therefore, recommend that more taxa, 
using larger sample sizes, should be analysed. Genetic markers 
to identifY taxa (e.g. Table 4) could also have forensic applica-
tion. Encepha/artos plants are highly prized as ornamental and 
collector's objects; due to their slow maturation rate and the dif-
ficulty in propagating rare species, big plants command high 
prices. The inevitable result is that, in contravention of the law, 
plants are translocated from their natural hab itat to such an extent 
that a considerable percentage of species are already threatened 
with imminent extinction in nature. With this technique, it may 
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Table 5 Summary of Wright's (1978) F-statistics 
at all loci 
Locus Frs FIT FST 
AAT-I 1.000 1.000 
AAT-2 1.000 1.000 0.1 75 
ACP 0.77 1 0.837 0.286 
AK 0.706 0.961 0.866 
EST- I 0.119 0.722 0.685 
EST-2 1.000 1.000 
GPI-2 1.000 1.000 0.803 
LAP -0. 121 0.548 0.597 
MDH 1.000 1.000 
MNR 1.000 1.000 
PEP-D 1.000 1.000 
PEP-LTZ 1.000 1.000 
PER-I 0.128 0.797 0.768 
PER-2 1.000 1.000 0.844 
PGM-I -0.200 0.241 0.367 
PGM-2 -0.293 0.271 0.437 
PGDH 1.000 1.000 
SKDH 0.835 0.939 0.633 
Mean 0.233 0.801 0.740 
be possible to identifY plants suspected to be possessed illegally, 
even when they lack identifying cones and most of the foliage. 
Even more important, sufficient data may make it possible to 
identify the actual population from which a plant, confiscated 
during law enforcement, has ?een taken, thus enabling it to be 
repatriated without compromising the genetical integrity of the 
has I population. 
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